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5 THERMAL OVERLOAD AND RESONANT MOTION CONTROL 

FOR AN AUDIO SPEAKER 

Field of the Invention 

This invention relates to audio speakers and, more particularly, to a single, relatively simple 
10 and inexpensive control circuit for such speakers, which circuit responds to both drive current and 
resonance-induced speaker movement. 

Background of the Invention 

Audio speakers, particularly when being driven at the upper end of their operating range, are 

15 subject to farhire in at least two ways. First, an excessive drive current applied to the voice coil of 
the speaker or 2i high current applied for an excessive time can overheat and burn out the voice coil 
and/or cause othfer damage in the speaker. Heating of the voice coil is also a function of the 
exclosure used for the speaker, ambient temperature, and other factors. Second, speaker cones have 
a resonant frequency\and, for a given drive signal, cone movement will be significantly greater at 

20 or near the cone's resoWit frequency then for drive signals at other frequencies. Particularly when 
a speaker is being driven in its upper operating ranges, additional cone movement caused by 
resonance can overdrive th\ cone, causing tearing or other damage thereto and/or to components of 
the speaker attached to or otherwise moving with the cone. 
p/V^ A?^? \ Heretofore, the problem of protecting a woofer of other speaker from overload damage has 

25 been deaHwith by providing an electrical circuit to monitor current drive to the speaker and generate 
a feedback cbirtrol in response thereto and a separate device, generally a low impedance mechanical 
device such as ahyaccelerometer or secondary sensing coil, to detect cone movement, including 
movement as a resulnaf resonance, and to generate a separate feedback signal in response to such 
movement. No mechanisi\has been provided for directly (or indirectly) measuring/detecting coil 

30 temperature and compensatihg for increases in such temperature. While such overload 
control/protection circuits for speakers utilizing two separate detection schemes, including the 
mechanical detection scheme for cone niovement, are generally effective for protecting the speakers, 
this arrangement is relatively complicatecKand expensive, particularly the mechanical detectors for 
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cone movement, and it would be preferable if a single, all electronic circuit could be provided to 
detect and jWvide control/protection for both drive-current-induced thermal overload and excessive 
cone movemenTi^sulting from resonance or other causes. It would also be desirable if such circuit 
could detect heatingWthe voice coil and compensate for such heating, regardless of cause. 

Summary of the Invention 

In accordance with the above, this invention provides a thermal overload and resonant 
motion control circuit for an audio speaker driven by a drive signal from an amplifier, which circuit 
includes a feedback signal generating (fsg) circuit, the feedback signal being dependent on both drive 
current to the speaker and speaker impedance, and more specifically, the feedback voltage = f 
(ai, bv), where i and v are drive current and drive voltage respectively for the drive signal, and where 
a and b are percentages of i and v respectively utilized by the feedback signal generating circuit. An 
attenuator is also provided which is operable in response to the feedback signal for controlling the 
drive signal, and in particular, the amplitude thereof. The feedback signal generating circuit is 
preferably a control voltage amplifier having a gain K, the feedback signal outputted from this 
amplifier being proportional to the absolute value of K (bv-ai). For one embodiment a=b. For an 
illustrative embodiment (a) is approximately 0.15% to 0.5% and (b) is approximately 0.5%. For a 
preferred embodiment, the fsg circuit includes a lowpass filter having a transfer function H(s), the 
feedback signal for this embodiment being K(bv-ai)H(s). 

A sense resistor is provided for preferred embodiments through which drive signal is applied 
to the speaker, the feedback signal generating circuit including a component for sensing the current 
across the sense resistor. For a preferred embodiment, the feedback signal generating circuit has a 
first differential amplifier which senses the current across the sense resistor and generates an output 
which is (ai), a second differential amplifier having the drive voltage applied thereto and generating 
an output which is (bv) and a third differential amplifier having the output from the first and second 
differential amplifiers as inputs, and having a gain K, the feedback signal being outputted from the 
third differential amplifier. For a preferred embodiment, the third differential amplifier has a 
lowpass filter in a feedback loop thereof. 

The attenuator may include a converter which receives the feedback signal and generates a 
DC output which is a selected function of the received feedback signal, for example an average, peak 
and/or RMS value of the feedback signal, and a variable impedance component through which either 
the input or the output of the amplifier is applied, the DC output being applied to control the 


impedance of the variable impedance component. The variable impedance component may, for 
example, be a compressor and/or a limiter. 

The foregoing and other objects, features and advantages of the invention will be apparent 
in the following more particular description of a preferred embodiment of the invention as illustrated 
in the accompanying drawings, the same reference numeral being used for like elements in all the 
figures. 

In the Drawings 

Fig. 1 is a schematic block diagram of a speaker incorporating the protection circuit of this 
invention. 

Fig. 2 is a schematic diagram of a control voltage amplifier suitable for use in the circuit of 

Fig. 1. 

Fig. 3 is a chart illustrating speaker impedance and current as a function of frequency for an 
illustrative speaker, as well as a control voltage in accordance with the teachings of this invention 
for such a speaker. 

Detailed Description 

Referring to Fig. 1, the circuit 10 has an input signal from a preamplifier or other suitable 
source applied through line 12 and a compressor/limiter circuit 14 to an amplifier 16. Amplifier 16 
has an output line 17 applied directly to speaker 18 and a second output line 19 applied to the 
speaker through a sense resistor 20. The voltage across sense resistor 20 is applied to two inputs of 
a control voltage amplifier 22, a second input to amplifier 22 being the signal on line 17. Amplifier 
22 generates a feedback signal output on line 24 which output is given by K (bv-ai)H(s) where: 

K = gain of amplifier 22; 

i = current of drive signal applied to speaker 18; 
v = voltage of drive signal; 

a = the percentage of the drive current (i) sensed by amplifier 22; and 
b = percentage of the drive voltage (v) sensed by amplifier 22. 
H(s) = a low pass filter transfer function to be discussed later; and 
s = a complex frequency variable (j w )- 

The feedback signal on line 24 is applied to a converter 26 which converts a function of 
this feedback signal, which is the average, peak and/or RMS value of the feedback signal for the 
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illustrative embodiment, to a DC voltage on line 28. This DC voltage is applied to control 
attenuation in compressor/limiter circuit 14. Circuit 14 may be any of a variety of circuits 
currently available which perform this function in prior art speaker overload control or protection 
circuits and converter 26 may also be a standard circuit appropriate for use with the circuit 14. 
Circuit 14 may for example be a voltage controlled variable resistor. Circuits 14 and 26 are 
frequently sold together as a package on the same chip or board. Circuit 14 is preferably on the 
input side of amplifier 16 as shown, but may also be on the output side of the amplifier. 

Referring now to Fig. 2, which is a schematic diagram of the sense resistor 20 and of control 
voltage amplifier 22, for a preferred embodiment it is seen that amplifier 22 is made up of three 
1 0 differential amplifiers 30, 32 and 34. The signal on line 19, which is passed through sensor resistor 
^ 20 to speafe^r 18, is applied directly through resistor R2 to the minus input of amplifier 30 and 

5 13 through sensor resistor 20 and resistor R3 to the positive input of this differential amplifier. The 

output from amplifier 30 is fed back through resistor Rl to the negative input of the amplifier and 
; J| the positive input 19 amplifier 30 is connected to ground through resistance R4. 

.** j 5 n 3^ \ yj ie tWQ i n p U t s to speaker 1 8 are connected through resistors R6 and R8 to the negative input 
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and me positive input respectively of differential amplifier 32, this amplifier thus seeing the voltage 
% across speaker 18. The output from amplifier 32 is connected to its negative input through resistor 

!± 3 R7 and tfte positive input to this amplifier is connected to ground through resistance R9. The output 

iQ from differential amplifier 30 is connected through resistor R10 to the negative input of differential 

13 \ 

20 amplifier 34Wd the output from differential amplifier 32 is connected through resistor R12 to the 
positive input W amplifier 34. The output of amplifier 34 is output line 24 from amplifier 22, the 
output on this line also being fed back through a lowpass filter, formed by capacitor CI and resistor 
Rl 1 connected ii^arallel, to the negative input of differential amplifier 34. The positive input to 
this differential amplifier is connected to ground through resistor R13. 

25 For an illustrative embodiment, the value of sense resistor 20 is approximately 0.05 ohms, 

resulting, in conjunction with the values of resistors R1-R4, in (a), the percentage of drive current 
constant, being relatively low, this constant typically being in the range of approximately 0.15% to 
0.5% for illustrative embodiments. However, depending on the speaker, this value may be 
substantially larger, for example 5%. Similarly, the values of the various resistors R6-R9 and the 

30 parameters of differential amplifier 32 are such that (b), the percentage of drive voltage constant, is 
also relatively low, typically approximately 0.5% of the speaker drive voltage for illustrative 
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embodiments. Again, depending on the speaker, this percentage may be substantially higher. One 
skilled in the art can select circuit parameters to achieve a desired negative feedback profile. 

For the illustrative embodiment shown in Fig. 2, (a) is given by (R1/R2) Rsense, this 
relationship being true where Rl = R4 and R2 = R3. Similarly, (b) is R7/R6 where R7 = R9 and R6 
= R8. K is given by Rl 1/R10 for the circuit where Rl 1 = R13 and RIO = R12. K for an illustrative 
embodiment might be approximately 10 to 20. Since it is important that amplifier 22 draw as little 
current from speaker 1 8 as possible, control voltage amplifier 22 should have a high input resistance, 
this being achieved by resistors R2, R3, R6 and R8 all having high resistance values which are 
typically at least 100 Kohms. Further, since differential amplifiers are being used, the tolerances of 
the various resistance should be held to 1% or better. 

A unique feature of this invention is the use of the absolute value of the difference term (bv- 
ai) (or ai-bv) in generating the feedback or control voltage, which makes this voltage proportional 
to both the speaker drive current and, since speaker impedance z=v/i, to speaker impedance. Thus, 
the value of the feedback or control voltage out of circuit 22 on line 24 may be rewritten to be K(bzi- 
ai)H(s), where z is the speaker impedance. Because the impedance of the speaker is related to its 
motion, the control voltage being a function of both drive current and speaker impedance is, 
therefore, related to both driver motion and drive current. The speaker impedance in a sealed box 
reaches its maximum value at resonance, the drive current being a minimum at this frequency. If 
a=b, then the control voltage will also reach its maximum at resonance. This increase in control 
voltage at resonance can be used to make the compressor/limiter 14 apply greater attenuation at 
resonance. This is illustrated in Fig. 3 for an illustrative speaker having a resonance at 
approximately 58 Hz, the speaker being a woofer in a sealed box with a peak drive voltage of 30 
volts across the speaker. In this graph, line 40 charts speaker impedance as a function of frequency, 
impedance peaking at resonance, line 42 shows drive current as a function of frequency, drive 
current being a minimum at resonance, and line 44 shows the control voltage on line 28 generated 
by the circuits of Figs. 1 and 2 for the illustrative speaker as a function of frequency, it being seen 
that the control voltage also peaks to maximize attenuation at resonance. It can be shown, with more 
rigorous mathematical analysis, that typically a driver's motion is large at resonance, particularly 
for high drive voltage levels, and becomes more under-damped as the voice coil temperature rises 
due to high current drive levels at other frequencies where the impedance is much lower. The values 
of a and b can be utilized to adjust the amount of compression/attenuation applied at a high 
impedance/high speaker motion, as opposed to how much is applied at frequencies above and below 
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resonance. The values of (a) and (b) are selected based on the desired change in Q of the speaker 
at high voice coil temperatures, on drive motion above and below the tuning frequency of the audio 
system in which speaker 18 is employed, and on other factors. The frequency of the lowpass filter 
formed by CI and Rll is also determined by driver motion above and below system tuning 
frequency. This filter acts as a first order lowpass filter to facilitate control of the limit/compression 
threshold at frequencies above the system tuning frequency (i.e., the compression threshold is higher 
at second impedance peaks where driver excursions may not need to be restricted as much as for first 
impedance peaks.) 

The circuit of this invention also provides some thermal tracking because the control voltage 
will increase for a given input or drive voltage due to increased voice coil resistance resulting from 
coil heating caused by high currents. Thus, drive may be reduced in response to detected coil 
heating because of the dependence of the control voltage on speaker impedance, independent of the 
applied current. Therefore, whereas the prior art protection circuits might not increase control 
voltage in response to a below-threshold current applied for an extended time, the circuit of this 
invention will pick up impedance changes resulting from such extended high current levels and 
generate appropriate increased control voltage to protect the voice coil. Since the speaker impedance 
shape is also determined by the box size, the circuit of this invention is also self-adjusting for 
different enclosure sizes. Finally, the differential input sensing scheme of this invention allows the 
protection circuit to be used with bridged amplifiers. 

While for the preferred embodiment discussed above, the K(bv-ai)H(s) control signal on line 
24 is generated by use of an amplifier 22 formed of the three differential amplifiers 30, 32, 34, the 
generation of the control signal on line 24 in this way is not a limitation on the invention, and it is 
possible that this control signal might be generated in other ways. For example, op amps 30 and 32 
could be replaced with simpler non-differential amplifiers when the circuit is used with non-bridged 
power amplifiers. Differential amplifier 34 would still be used in such a circuit. Another option 
would be to replace special purpose circuit 22 with a suitably programmed digital signal processor 
or other suitable processor for generating the desired feedback signal. In this case, an analog-to- 
digital converter would be utilized at the input to the processor to convert the current sense and 
voltage sense signals and a digital-to-analog converter would be provided for the feedback signal 
at the output from the processor. While performing the feedback signal generation digitally might 
be more complicated and expensive for performing this single function, if there is already a DSP 
chip in the system being utilized to perform other functions, utilizing the DSP or other processor to 
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generate the control feedback signal on line 24, and to perhaps perform other functions such as the 
RMS to DC or peak to DC conversion functions, and possibly even the limiter/compressor function, 
may prove to be cost effective since all signal modifications could be done in the software of the 
processor. 

While the invention has been shown and described above with reference to a preferred 
embodiment, it will be apparent that the foregoing and other changes in form and detail may be made 
therein by one skilled in the art without departing from the spirit and scope of the invention which 
is to be defined only by the appended claims. 

What is claimed is: 


